Two hundred and twenty patients with a total of 412 gall bladder stones of between 8 and 38 mm in size were treated with extracorporeal shock wave lithotripsy, using the overhead module Lithostrar Plus. Fifty six per cent of stones were solitary (mean (SD) diameter 23 (5) mm) and 9 5% of the patients had more than three stones. Stones were successfuliy disintegrated in 218 patients (fragmentation size <5 mm in 80%, <10 mm in 19%). Some 65% of patients required one treatment and the rest two or three. A mean (SD) of4100 (1800) (24) years were treated. The onset of symptoms of gall stones had occurred 5-5 (2 3) years previously. The mean (SD) size of the stones was 19 (6) mm. A total of 412 stones were found in these patients -124 had a solitary stone and 118 had between two and a maximum of five radiolucent stones.
Extracorporeal shock wave lithotripsy (ESWL) is a new treatment that has overtaken surgery as a first line therapy for some patients with gall bladder stones. Initial multicentre studies of ESWL have shown that this technique is successful in the short term and promising in the long term. Treatment success depends on adhering to rigid patient selection criteria, attention to technical details, and the experience of the attending physician.
We report our preliminary results of ESWL treatment using the Lithostar Plus in a surgical department. Not only have the commonly accepted indications for ESWL been widened, but we have also attempted to achieve a high fragmentation rate by applying more shock waves with a higher energy level and more treatment sessions within a short time.
Patients and methods

SELECTION
Patients with symptomatic gall bladder stones were admitted to the lithotripsy programme. Diagnosis of stones and estimation of their size were always achieved by ultrasound in fasted patients. Patients were examined in the right and left lateral and supine positions as well as erect. A stone diameter between 0 8 and 3-8 cm and a total stone volume not exceeding 50% of the total gall bladder volume were criteria for this treatment.
All patients had a plain radiograph of the right upper abdominal quadrant to differentiate calcified concretions. Intact contractile function of the gall bladder, with regular emptying, was an absolute requirement. A gall bladder volume reduction of at least 40%, determined by ultrasound one hour after swallowing a meal stimulant ( All patients were treated with the 'overhead' module. For optimal contact between the lithotriptor head and the surface of the body, ultrasound gel (Gerosonic) was used. During treatment, the patient remained in the left lateral position, stabilised by a vacuum mattress. After adaptive application of 50 shock waves at a 'low energy' setting of 5 (350 bar), followed by 50 shock waves at an energy level of 7 (500 bar), we treated all patients with the highest energy level of 9 (700 bar). If no stones or residual fragments were found after fragmentation, the patient was moved into the prone, right, lateral, and supine positions for five to 10 minutes each to shift any hidden concretions so that they could be localised. Our end goal was a fragment size <5 mm. If the first treatment did not achieve this result (maximum shock wave number of 6000), second and third sessions (if needed) were given in the days immediately afterwards.
Results
FOCUSING AND FOCUSING TIME
In 185 patients we were able to localise the gall stones with ultrasound within a mean (SD) time of 2 (1) minutes using the 'overhead' module. In 35 patients the gall bladder was hidden under the costal arch and optimal focusing could only be achieved by deep inspiration or with voluntary downward abdominal expansion. Focusing time (11)). It was then necessary to reposition the patient two to six times.
In this study between 1200 and 12000 shock waves (mean (SD) 4100 (1800)) were applied (Table I) . Patients with solitary stones required significantly fewer shock waves than those with two or more stones (Student's t test). In total, 296 treatments were necessary in the 220 patients (Table II) . One treatment session was sufficient for adequate fragmentation in 144 patients and the remainder required two or more sessions (Table II) (Figs 1-3) . In 42 patients a minimum fragmentation size of 10 mm was achieved. Two patients each had a large stone (3 5 cm) that could not be fragmented despite a total application of 12000 shockwaves. They underwent operation five days after ESWL treatment. There was no macroscopic or histopathological evidence ofgall bladder abnormality as a result of ESWL treatment in these patients and the large cholesterol stones were totally intact. (25) (Table IV) .
SHORT TERM RESULTS
At present, 105 patients have been followed for over 12 months. Sixty one of these patients had had a solitary stone, 17 had had two stones, and 27 had had three or more stones. We were able to verify the total absence of stones in 59 patients (Table V) .
Discussion
The percentage of patients with gall stones who are eligible for ESWL has yet to be scientifically defined and clarified. Rates vary from 10 to 30% and reflect the referal population."" Our own results yield a rate of 30 3%. This is because we included for the first time patients with more than three stones (n= 32) and a stone size of up to 98 (56) 270 (100) 59 (27) 4000(1400) 38 mm (n=27) in the ESWL protocol. Thus, 27% of our patients would not have fulfilled established criteria for ESWL.1 2 11 12 We evaluated stone size and number, as well as gall bladder function, by ultrasound similar to the method of Ell et al. 5 Only for the verification of stone calcification did we require plain radiographs of the right upper abdominal quadrant. Computed tomography was not necessary, although about 20% of radiolucent stones can be visualised as calciferous by this diagnostic procedure.'3 18 The efficacy of ESWL combined with oral chemolysis using ursodesoxycholic and chenodesoxycholic acid has not yet been proved.2 18 20 Published reports on chemolysis emphasise that stone clearance is strictly dependent on stone size.`I l o I1 Because of this good disintegration results of ESWL treatment seem to be a good basis for adjuvant bile acid therapy.2 14 7-25 The focusing time, defined as the time necessary to focus on the stone(s) to be treated, has been mentioned infrequently in publications until recently. In our learning phase we needed up to 25 minutes for stone targeting, which was reduced to 2 (1) minutes over time. Furthermore, it is necessary to refocus several times (25 ( 11) times per patient) because ofhidden multiple concretions or fragments. There are few data on focusing times in the reports from other authors.
The duration of treatment in our patients was mean (SD) 80 (25) minutes, which was clearly It must be remembered that the stone size and the total stone volume are important determinants of the clearance time of the gall bladder after lithotripsy, as has been clearly pointed out by Sackmann et al. ' We can only confirm these facts by our own experience, which gave a stone free rate in patients with solitary stones of 72% and in those with two stones of 47% at one year. Therefore our patients with significantly more and bigger stones and also with fragments of about 5 mm after ESWL obviously require a longer follow up before the results can be discussed confidently.
Further ultrasound and radiological examinations will show if we were correct to broaden our inclusion criteria for lithotripsy. Our stone fragmentation rate, seems to be as good as that of the Munich group' and we are therefore optimistic.
